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Abstract. — Unlabelled specimens found in the slide collection of Prof. Hideji 
Yamaguchi were identified as the North American species, Cambarincola oka- 
dai Yamaguchi, 1933. As no type specimens had been designated, a detailed 
redescription was made and the specimens were designated as lectotypes for 
the species. Specimens of this species were named Triannulata montanus 
Goodnight, 1940, then subsequently redescribed and transferred to Cambar- 
incola montanus. The latter two names now become junior synonyms of C. 
okadai. 



The export and import of crayfishes be- 
tween countries and continents for com- 
mercial reasons has been practiced for 
many years. Reviews of the various species 
and countries involved can be found in 
Holdich & Lowery (1986) with more recent 
information in Hobbs et al. (1989). Until 
recently, little attention has been paid to the 
detrimental effects the exotic species have 
caused to the native fauna and environment. 
The best known instances are the wide- 
spread introduction of “crayfish plague” 
into Europe (Soderhall & Cerenius 1999), 
and the destruction of paddy field walls 
(Ackefors & Lindqvist 1994:199, 189). In 
addition to pathogens, the introduction of 
crayfishes into new regions is frequently ac- 
companied by non-pathogenic symbionts 
such as branchiobdellids and temnocephal- 
idans (Gelder 1999). These exotic ectosym- 
bionts often become part of the local fauna 
and may adopt endemic species as new 
hosts (Gelder et al. 1999). 

The first significant review of branchiob- 
dellids in Eastern Asia was made by Ya- 
maguchi (1934). He described a number of 
new species but did not specifically desig- 



nate any type specimens or record their ex- 
act collection sites in his publications. A 
large earthquake in Hokkaido during 1968 
destroyed part of Prof. Hideji Yamaguchi ’s 
oligochaete collection, so he asked his as- 
sistant, Dr. Yukiyoshi Kamihira, Hakodate 
University, Hokkaido, Japan, to look after 
the remaining material (Ohtaka, pers. 
comm.). This action was not widely known, 
so it was generally assumed that the collec- 
tion had been completely destroyed. Dr. 
Akifumi Ohtaka found the slide collection 
and obtained permission from Dr. Yuki- 
yoshi Kamihira for Dr. Gelder to examine 
the branchiobdellid slides. At that time, it 
was realized that the written records sup- 
porting the slides had been lost and that 
none of the slides had been fully labeled. 

Four of these unlabeled slides each con- 
tained a North American branchiobdellid. 
Yamaguchi had examined and described a 
new species of North American branchiob- 
dellid, Cambarincola okadai Yamaguchi, 
1933, that had been introduced into Japan. 
Because no type specimens had been des- 
ignated and no specimens had been report- 
ed since the initial examination, C. okadai 
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was considered to be nomen inquirendum 
by Holt & Opell (1993:253). This study 
was designed to describe in detail the re- 
cently acquired specimens, review the in- 
formation on C. okadai, and attempt to clar- 
ify the taxonomic status of the species. 

Literature Review 

Review of the information on Cambarin- 
cola okadai Yamaguchi , 1933 and North 
American crayfish in the collection area . — 
The description of C. okadai was produced 
“from several specimens . . . attached to . . . 
crayfish formerly transferred from America 
into Lake Chuzenji, Nikko”, Tochigi Pre- 
fecture, collected by Prof. Y. Okada in 1928 
(Yamaguchi 1933:191). He also noted (p. 
193) that “there has been no report of cray- 
fish from Lake Chuzenji and adjacent dis- 
tricts except those newly transferred from 
America.” It is known that Pacifastacus 
leniusculus leniusculus (Dana, 1852) (or 
Tankai-zarigani) and Pacifastacus lenius- 
culus trowbridgii (Stimpson, 1857) (or 
Uchida-zarigani) were introduced into Ja- 
pan from Oregon, U.S.A., five times be- 
tween October 1926 and July 1930 (Kamita 
1970). Specimens of these two subspecies 
were introduced into Tochigi Prefecture 
(Kamita 1970: fig. 59 for P. leniusculus , 
and fig. 63 for P. trowbridgii ), but no re- 
cords have been found to indicate that these 
crayfishes were actually released into Lake 
Chuzenji or exactly when they were 
brought into the Prefecture. 

The description of C. okadai by Yama- 
guchi (1933) stated that the longest speci- 
men was 7 mm in length, but no range of 
variation was given. The elongate, cylindri- 
cal body had a distinct head with the per- 
istomium supporting “four distinct digiti- 
form appendages,” (dorsal tentacles), and 
slightly bilobed ventral lip. No lateral lobes 
were noted in the text but two small lateral 
lobes can be seen in his fig. 1. The jaws 
were illustrated in detail in his fig. 2 show- 
ing them to be similar in size and triangular 
in shape with a large median tooth and two 



pairs of small teeth. The width of the jaw 
base was calculated from his fig. 2 to be 
130 |xm wide. The single anterior nephro- 
pore, “abundant male reproductive cells 
[spermatozoa]” in segments 5 and 6, tu- 
bular spermatheca, and the “spermatic ves- 
icle [glandular atrium] is bifid, having the 
accessory sperm tube [prostate gland]” are 
all valuable taxonomic characters that to- 
gether suggested a member of the North 
American genus Cambarincola. The origin 
of the prostate gland on the glandular atri- 
um, presence of a protrusible penis together 
with other details and proportion of the 
male reproductive system are critical for 
identifying and defining a species of Cam- 
barincola. Unfortunately, most of these de- 
tails were not included in Yamaguchi’s de- 
scription. However, based on the informa- 
tion available to Prof. Yamaguchi this was 
a new species and clearly separable from 
the sister species of Cambarincola phila- 
delphicus (Leidy, 1851) and Cambarincola 
chirocephalus Ellis, 1919. For complete- 
ness it should be noted that a year earlier 
Yamaguchi (1932:456) eluded to examining 
“a section made from Cambarincola sp.” 
and continued in a footnote to say, “The 
species was obtained from crayfishes trans- 
ferred from North America in a Japanese 
lake and is probably referable to C. phila- 
delphicus .” 

Reference to C. okadai after the type de- 
scription has consisted of Yamaguchi 
(1934) repeating the essential information 
in the type description. However, in a short- 
ened review of the latter paper written in 
Japanese, Yamaguchi (1935) gave C. oka- 
dai the Japanese name, Yadorimimizu, 
Goodnight (1940) in his review of the 
Branchiobdellidae, quoted the information 
on C. okadai from Yamaguchi (1933), clas- 
sified the species as “sp. dub.” and added, 
“appears to the writer to be identical with 
Cambarincola philadelphica, as it differs 
from it only in the dentation of the lower 
jaw (p.43).” The species was mentioned in- 
cidentally by Hoffman (1963:276), Holt 
(1986:699), Timm (1991:329), then Holt & 
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Opell (1993) gave it the status of nomen 
inquirendum which was accepted in the 
checklist of branchiobdellidans (Gelder 
1996). 

Possible branchiobdellid species on 
North American signal crayfish introduced 
into Japan. — A review of the currently de- 
scribed branchiobdellids with dorsal lip ap- 
pendages found on P . leniusculus subspe- 
cies in the Pacific Ocean drainage region of 
North America resulted in only two species, 
Sathodrilus lobatus Holt, 1977 and Cam- 
barincola montanus (Goodnight, 1940). 
Sathodrilus lobatus is about 2.5 mm long, 
with six lobes on the dorsal lip, a dental 
formula of 5/4 (Holt 1977), and is not sim- 
ilar to C. okadai. The second species, C. 
montanus , was originally named Triannu- 
lata montanus Goodnight, 1940, and its 
type description contained a few errors. 
These were corrected in an emended de- 
scription by Holt (1974), resulting in the 
species being transferred to the Cambarin- 
cola as a “new comb.”; the holotype num- 
ber in his paper should read, USNM 20566. 
This description (Holt 1974:67) stated a 
body length of about 5.8 mm, triannulate 
appearance of segments, peristomium with 
four dorsal lip tentacles, two pairs of lateral 
lobes and a ventral lip of four lobes; no oral 
papillae were detectable. Holt (1974:68) re- 
ported, “The usual dental formula is 1/1 
with prominent blunt teeth. Younger, 
though large, specimens from the Kalami 
River, the type-locality, have a dental for- 
mula of 5/5, but the lateral teeth are obscure 
and probably wear away with age.” An ex- 
amination of about 10 adult specimens of 
C. montanus collected from southern Brit- 
ish Columbia, Canada, all showed the large 
median tooth and two pairs of small, lateral 
teeth (Gelder & Hall 1990:2355). Given the 
available information, the 5/5 dental for- 
mula appears to be the representative form 
of the species. The spermatheca and male 
reproductive system were described in de- 
tail and drawn by Holt (1974:68) who also 
noted that the prostate gland was formed 
from vacuolated or “differentiated” gland 



cells. He reported the distribution of C. 
montanus to extend from Santa Barbara 
County, California, to northern Washington 
State along the Coastal and Cascade Ranges 
on Pacifastacus leniusculus klamathensis 
(Stimpson, 1857), P. 1. leniusculus , and P. 
1. trowbridgii. 

Description of branchiobdellid specimens 
from Yamaguchi’s collection 
Cambarincola okadai Yamaguchi, 1933 
(Japanese name: Yadorimimizu) 

Fig. 1 A-F 

Material examined. — Four mounted, un- 
named specimens from (box. slide numbers: 
2.4, 2.9, 2.10, 2.20) the oligochaete slide 
collection of Prof. H. Yamaguchi are almost 
certainly all or part of the syntype material; 
however, only Yamaguchi’s ledgers can 
confirm this. Three of these specimens have 
been deposited in the Division of Biological 
Science, Graduate School of Science, Hok- 
kaido University, Japan (ZIHU): slide 2.20 
is designated the lectotype (ZIHU- 1347) 
and slides 2.4 and 2.10 become paralecto- 
types (ZIHU- 1348, ZIHU-1349), with the 
fourth slide — 2.9 — placed in the National 
Museum of Natural History, Smithsonian 
Institution, Washington D.C., U.S.A. 
(USNM) as the third paralectotype (USNM 
186575). 

Brief description . — Body rod-shaped 
(Fig. 1A), ranging in length from 3.4 to 4.7 
mm (average length 3.9 mm) with dorsal 
ridges and supernumerary muscles absent. 
The segments are not pronounced and each 
appears to be divided into three annuli. The 
presence of an anterior nephridial pore 
could not be verified in these specimens, 
but it is expected to open medially on the 
dorsal surface of segment 3. There are 
paired, lateral groups of epidermal glands 
on segments 8 and 9. The peristomium has 
a dorsal lip with four distinct lobes (1) (or 
short tentacles), two pairs of lateral lobes, 
and a ventral lip (v) consisting of a pair of 
short lobes laterally and a central portion 
with a slight median incision (Fig. IB). 
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There are 16 oral papillae present. The jaws 
are similar in size and triangular in shape 
with a large median tooth and 4 small lat- 
eral teeth on the anterior facing margin; 
dental formula 2-1-2/2-1-2. The ventral jaw 
is sometimes slightly smaller than the dor- 
sal, with the base width ranging from 95 to 
130 |xm (Fig. 1C, D). The glandular atrium 
is about one third the diameter of the seg- 
ment, tubular, folded, and with each vas de- 
ferens entering an ental lobe. The prostate 
gland arises at the meeting point of the 
glandular and muscular atria, and is slightly 
longer and wider than the glandular atrium 
(Fig. IE). The prostate is lined with colum- 
nar gland cells which contain neither gran- 
ular nor vacuolar secretions. The muscular 
atrium is short, about half the length of the 
glandular atrium, and leads into a protrusi- 
ble penis (p) located in the ental portion of 
the pyriform bursa (b) (Fig. IF). The length 
of the spermatheca is about half the diam- 
eter of the segment. The ental half consists 
of a tubular to sub-spherical bulb (sb) con- 
nected to a narrow duct (sd) that ends at the 
epidermis in a small papilla (Fig. IE). 

Variations . — The jaws are virtually the 
same size. The ventral jaw is usually slight- 
ly smaller than the dorsal, and the median 
region carrying the teeth of both is of con- 
stant size. However, the base of the jaws 
does vary in width; in the specimens ex- 
amined dorsal jaws range from 95 pm (Fig. 
1C) to 130 pm (Fig. ID). 

Comparison of the morphology between 
the description of C. okadai and the unla- 
beled specimens . — A comparison of char- 
acter states of C. okadai reported by Ya- 
maguchi (1933) with those observed from 
the four newly found, unlabeled slide spec- 
imens show many to be the same: the shape 
of the body; segments divided into three an- 
nuli; the peristomial appendages having the 
same arrangement, size and number; iden- 
tical jaws in shape and dimensions; an un- 
branched spermatheca in segment 5; a pair 
of testes in both segments 5 and 6; and the 
“spermatic vesicle is bifid, having the ac- 



cessory sperm tube” [prostate gland] in 
segment 6. 

One character, body length, appears to 
differ as only a maximum body length of 7 
mm was reported by Yamaguchi (1933). 
However, the specimen in his fig. 1 was cal- 
culated to have a length of about 5 mm and 
this compares well with the longest exam- 
ined specimen being 4.7 mm. Therefore, the 
report of a 7 mm long body most probably 
resulted from the specimen reacting in a 
slightly different way to the preparation 
process. Another character dimension in 
close agreement is the width of the base of 
the jaws. In two of the type slides the aspect 
of the jaws has the same appearance as 
those in Yamaguchi’s fig. 2. The measured 
distance (Fig. ID) and the calculated dis- 
tance in his fig. 2 result in both bases being 
130 |xm wide. 

Comparison of the morphology between 
C. okadai and C. montanus. — The dental 
formula usually provides the most readily 
visible character for identification. The re- 
ported range in dental formula spans 7/5 
(Goodnight 1940) to 1/1 (Holt 1974), how- 
ever, a 5/5 arrangement was reported by 
both Holt (1974) and Gelder & Hall (1990), 
and appears to be the usual configuration. 
The prostate gland consists of secretory 
cells with either granular or vacuolar con- 
tents. Many fixatives, including that used 
by Holt (1986:679), preserve these cytolog- 
ical character states so that the state can be 
included in the species description of a 
Cambarincola species. In C. montanus the 
“cells ... are highly vacuolated, that is, dif- 
ferentiated” (Holt 1974:68). This character 
is not always reliable in a specimen because 
some fixation procedures do not preserve 
the form of the secretions (Gelder, unpubl. 
data). The fixatives used on specimens of 
C. montanus collected from British Colum- 
bia, Canada (Gelder & Hall 1990), and on 
C. okadai are unknown, but both proce- 
dures turned the respective specimens 
brown indicating a similar postfixation ef- 
fect. The contents of the prostate gland cells 
in both of these groups was unclear. There- 



VOLUME 113, NUMBER 4 



1093 




B D 




Fig. 1. Cambarincola okadai: A, Twisted oblique lateral view of the lectotype, scale bar = 0.1 mm; B, 
ventral view of the peristomium of a paralectotype, scale bar = 50 jxm; C, dorsal (above) and ventral (below) 
jaws of a paralectotype from the ventral aspect, scale bar = 25 (xm; D, dorsal jaw of another paralectotype from 
the ventral aspect, same scale as C; E, segments 5 and 6 with spermatheca (left) and male genitalia (right) 
respectively from a paralectotype drawn from a lateral aspect, scale bar = 50 |xm. F, optical section of the 
muscular atrium and penis in the dorsal portion of the bursa, scale bar = 50 |xm. Abbreviations: b, bursa; d, 
deferent duct; ga, glandular atrium; 1, lobes on dorsal lip of peristomium; ma, muscular atrium; p, penis; pg, 
prostate gland; sb, spermathecal bulb; sd, spermathecal duct; v, ventral lip; vd, vas deferens. 
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fore, the vacuolar contents reported by Holt 
may not be significantly different from the 
cells reported in the Canadian and Japanese 
specimens. A key character for placing a 
species in the Cambarincola is the presence 
of a “protrusible” penis. The deferent duct 
in C. okadai is surrounded by the circular 
muscles of the muscular atrium and then 
passes into the dorsal portion of the bursa 
before ending in the penis (p) (Fig. IF). The 
last portion of the deferent duct wall is 
greatly compressed into a concertina form 
(d) when the penis is retracted into the bur- 
sa. The penis in both C. okadai and refer- 
ence specimens of C. montanus was found 
to be identical. The proportions of the sper- 
matheca vary due to its position in the seg- 
ment, degree of compression and presence 
or absence of spermatozoa in the bulb. Tak- 
ing these factors into account, there are no 
significant differences between the sper- 
mathecae of the specimens examined. 

Taxonomic conclusions . — The four spec- 
imens from the Yamaguchi collection have 
been identified as C. okadai based on their 
close morphological similarity to the type 
description. Current studies on crayfishes 
introduced into Japan require a complete 
species description of C. okadai to be avail- 
able for comparison with newly collected 
branchiobdellids from imported crayfishes. 
Therefore, one of the four specimens was 
designated the lectotype and the three oth- 
ers as paralectotypes according to Article 
74 (I.C.Z.N. 1999). In addition, C. montan- 
us now becomes a junior synonym of C. 
okadai due to Article 23, Principle of Pri- 
ority (I.C.Z.N. 1999). 

Reported distribution . — The range of C. 
okadai extends from Santa Barbara County, 
California, to northern Washington State 
along the Coastal and Cascade Ranges in 
the U.S.A. (Holt 1974:68), British Colum- 
bia, Canada (Gelder & Hall 1990:2354), 
and Lake Chuzenji, Tochigi Prefecture, Ja- 
pan (Yamaguchi 1933). 

Acknowledgments 

The authors would like to thank Prof. 
Haruo Katakura, Hokkaido University, Ja- 



pan, for his assistance, and Dr. Yukiyoshi 
Kamihira, Hakodate University, Japan, for 
permission to borrow part of the Yamaguchi 
slide collection. Thanks are also extended 
to Dr. Andrea M. Gorman, University of 
Maine at Presque Isle, U.S.A., Dr. Emilia 
Rota, Siena University, Italy, and Mark J. 
Wetzel, Illinois Natural History Survey, 
University of Illinois, U.S.A., for their con- 
structive criticism of the manuscript. 

Literature Cited 

Ackefors, H., & O. V. Lindqvist. 1994. Cultivation of 
freshwater crayfish in Europe. Pp. 157-216 in 
J. V. Huner, ed.. Freshwater crayfish aquaculture 
in North America, Europe, and Australia. Food 
Products Press, New York, 3 1 2 pp. 

Gelder, S. R. 1996. A review of the taxonomic no- 
menclature and a checklist of the species of the 
Branchiobdellae (Annelida: Clitellata). — Pro- 
ceedings of the Biological Society of Washing- 
ton 109:653-663. 

. 1999. Zoogeography of branchiobdellidans 

(Annelida) and temnocephalans (Platyhelmin- 
thes) ectosymbiotic on freshwater crustaceans, 
and their reactions to one another in vitro . — 
Hydrobiologia 406:21-31. 

, G. B. Delmastro, & J. N. Rayburn. 1999. Dis- 
tribution of native and exotic branchiobdelli- 
dans (Annelida: Clitellata) on their respective 
crayfish hosts in northern Italy, with the first 
record of native Branchiobdella species on an 
exotic North American crayfish. — Journal of 
Limnology 58:20-24. 

, & L. A. Hall. 1990. Description of Xirono- 

giton victoriensis n.sp. from British Columbia, 
Canada, with remarks on other species and a 
Wagner analysis of Xironogiton (Annelida: Cli- 
tellata). — Canadian Journal of Zoology 68: 
2352-2359. 

Goodnight, C. J. 1940. The Branchiobdellida (Oligo- 
chaeta) of North American crayfish. — Illinois 
Biological Monographs 17:1-75. 

Hobbs, H. H. Ill, J. Jass, & J. V. Huner. 1989. A review 
of global crayfish introductions with particular 
emphasis on two North American species (De- 
capoda, Cambaridae). — Crustaceana 56:299- 
316. 

Hoffman, R. L. 1963. A revision of the North Amer- 
ican annelid worms of the genus Cambarincola 
(Oligochaeta: Branchiobdellidae). — Proceed- 
ings of the United States National Museum 1 14: 
271-371. 

Holdich, D. M., & R. S. Lowery. 1986. Freshwater 



VOLUME 113, NUMBER 4 



1095 



crayfish: biology, management and exploitation. 
Timber Press, Oregon, 498 pp. 

Holt, P. C. 1974. An emendation of the genus Trian- 
nulata Goodnight, 1940, with the assignment of 
Triannulata montana to Cambarincola Ellis 
1912 (Clitellata: Branchiobdellida). — Proceed- 
ings of the Biological Society of Washington 
87:57-72. 

. 1977. An emendation of genus Sathodrilus 

Holt 1968 (Annelida: Branchiobdellida), with 
the description of four new species from the Pa- 
cific drainage of North America. — Proceedings 
of the United States National Museum 90:116- 
131. 

. 1986. Newly established families of the order 

Branchiobdellida (Annelida: Clitellata) with a 
synopsis of the genera. — Proceedings of the Bi- 
ological Society of Washington 99:676-702. 

, & B. D. Opell. 1993. A checklist of and il- 
lustrated key to the genera and species of the 
Central and North American Cambarincolidae 
(Clitellata: Branchiobdellida). — Proceedings of 
the Biological Society of Washington 106:251- 
295. 

International Commission on Zoological Nomencla- 
ture (I.C.Z.N.). 1999. International Code of 
Zoological Nomenclature. 4th edition. Interna- 



tional Trust for Zoological Nomenclature (En- 
glish), 306 pp. 

Kamita, T. 1970. Studies on the fresh-water shrimps, 
prawns and crayfishes of Japan. Revised and en- 
larged edition. Sonoyama Shoten. Matsue (in 
Japanese), 213 pp. 

Soderhall, K., & L. Cerenius. 1999. The crayfish 
plague fungus: history and recent advances. — 
Freshwater Crayfish 1 2: 1 1-35. 

Timm, T. 1991. Branchiobdellida (Oligochaeta) from 
the farthest South-East of the U.S.S.R. — Zool- 
ogica Scripta 20:321-331. 

Yamaguchi, H. 1932. A new species of Cambarincola , 
with remarks on spermatic vesicles of some 
branchiobdellid worms. — Proceedings of the 
Imperian Academy (Japan) 8:454-456. 

. 1933. Description of a new branchiobdellid, 

Cambarincola okadai n. sp., parasitic on Amer- 
ican crayfish transferred into a Japanese lake. — 
Proceedings of the Imperial Academy (Japan) 
9:191-193. 

. 1934. Studies on Japanese Branchiobdellidae 

with some revisions on the classification. — 
Journal of the Faculty of Science, Hokkaido 
University, Series VI, Zoology 3:177-219. 

. 1935. On the Branchiobdellidae, a special 

group of Oligochaeta. — Botany and Zoology, 
Tokyo 3:552-560 (in Japanese). 



